A AB BS ST TR RA AC CT T O Ob bj je ec ct ti iv ve e: : Arginine, glutamine, and Beta-hydroxy-beta-methylbutyrate were combined in a dietary supplement. This specialized amino acid mixture enhances wound collagen accumulation and increases wound healing. We aimed to investigate the effects of this special amino acid mixture on the healing process of experimental left colonic anastomosis. M Ma at te er ri ia al l a an nd d M Me et th h--o od ds s: : The study included 20 adult male Wistar-Albino rats. The study group (n=10) received 685 mg/kg/day specialized amino acid mixture for 7 days until 12 h before surgery and was maintained throughout the study. Following midline laparatomy a 1-cm segment of the left colon was resected. Bowel continuity was restored with an end-to-end anastomosis. The animals were re-anesthetized on day 7 after the operation and anastomotic bursting pressure was measured by passing a catheter per anum up to the area of anastomosis. Anastomotic segments were removed en bloc and were vertically divided into two. One was used for hydroxyproline measurement and the other for histopathological examination. Abramov's histologic scoring system was used in this study. R Re es su ul lt ts s: : The hydroxyproline levels and bursting pressures in the study group were superior compared to the control group. Collagen deposition and reepithelization scores of the study group were higher than that of the control group. C Co on nc cl lu us si io on n: Results of the present study indicates that significantly enhancing the anastomotic bursting pressure, hydroxyproline level and collagen deposition may improve anastomosis healing.
nastomotic leakage (AL) is one of the most serious surgical complications after colorectal surgery. Although many local and systemic factors affecting anastomotic healing have been determined, AL is still a serious problem that significantly increases morbidity and mortality rates. 1 The prevalence of AL varies in the literature between 0.5% and 30%. 2, 3 Therefore, research has focused on various systemically or locally applied materials that can improve anastomotic healing. [1] [2] [3] Arginine (ARG) is a dietary semi essential amino acid that becomes conditionally indispensable in trauma and surgical patients. 4, 5 Dietary ARG supplementation induces positive nitrogen balance, increases hydroxyproline (HP) content, wound collagen accumulation, shows antioxidative effect and enhances wound healing. [4] [5] [6] [7] Glutamine (GLU) is a preferred energy source for cells of the intestinal mucosa and of the immune system; furthermore GLU and ARG have immune stimulatory effects. 5, 8 GLU is the most abundant amino acid, but its concentration falls after injury, surgery, or infection. 3 In various experimental and clinical studies, GLU had a positive effect on both wound and anastomotic healing. 9, 10 Beta-hydroxy-beta-methylbutyrate (HMB) is a metabolite of the essential amino acid leucine. 4 It reduces muscle proteolysis, improves nitrogen balance and wound collagen deposition. 4, 7, 11 ARG, GLU and HMB have been combined in a dietary supplement specifically designed for patients with catabolic diseases. 7 Williams et al. 4 reported that this special amino acid mixture enhanced wound collagen accumulation and increased wound healing. With these findings in mind, we aimed to examine the therapeutic efficacy of the special amino acid supplement on the healing process of experimental left colonic anastomosisby measuring HP level, bursting pressure (BP) and inflammatory changes in anastomosis.
MATERIAL AND METHODS
The study included 20 adult male 5-month-old Wistar-Albino rats weighing between 250 and 300 g. The procedures were run at the Ege University Faculty of Medicine animal research laboratory. All animals were housed in cages under standard conditions (room temperature 22°-24°C, 12-hour light/dark cycle). All experimental manipulations and postoperative care were undertaken in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals. The study was also approved by the Animal Ethics Committee of the Balıkesir University Medical School. The rats were fed on standard laboratory diet and water ad libitum and had free access to water and standard rat chow until 12 h before surgery. Twenty rats were randomized into two groups of 10 each. The study group (SG, n=10) received 685 mg/kg/day specialized amino acid mixture (Abound ® Abbott, İstanbul, Turkey) dissolved in 1ml water per day for 7 days until 12 h before the surgery and was maintained throughout the study while the control group (CG, n=10) received the same amount of saline orally with orogastric tube.
OPERATION PROCEDURE
Each rat was anesthetized with intramuscular injection of ketamin hydrochloride (Ketalar, Eczacıbası, Warner-Lambert Laboratories, Levent, İstanbul, Turkey) 60 mg/kg and xylazine hydrochloride (Rompun, Bayer Laboratories, Şişli, İstanbul, Turkey) 10 mg/kg. All procedures were performed under sterile conditions. All animals were allowed to breathe spontaneously during the experiments. After the abdominal wall was shaved and was disinfected with a 10% solution of povidone-iodine, a 3-cm midline laparatomy was made. Body temperature was maintained between 36° and 38°C using a heating lamp. The intestines were covered with sterile gauze pads soaked with saline at 37°C to minimize evaporation from the tissue. A 1-cm segment of the left colon was resected aproximately 3 cm proximal to the peritoneal reflection. Bowel continuity was restored with an end-to-end anastomosis of nine or ten interrupted sutures (6/0 monofilament polypropylene, Ethicon, UK). The abdominal fascia and skin were closed in a continuous fashion with running 3/0 silk sutures. One operator performed all procedures. Five ml saline solution was given subcutaneously to prevent dehydration in the animals during the experimental period. Animals were fed with standard rat chow and water starting at six hours after the laparotomy.
The animals in each group were re-anesthetized on day seven after the operation for in vivo analytic procedures. After relaparotomy, the abdomen and anastomoses were examined macroscopically. Wound complications, intestinal obstructions, anastomotic complications (macroscopic abscess, and dehiscence), and abscess formation were recorded. Intestinal obstruction was recorded as present when the diameter of the segment proximal to the anastomosis was twice the diameter of the segment distal to the anastomosis.
BURSTING PRESSURE MEASUREMENT
Seven days after the surgery, the animals underwent re-laparotomy to determine the in vivo BP prior to death (by cardiac puncture) without detaching adhesions. Anastomotic BP was measured by passing a catheter per anum up to the area of anastomosis. Fecal content of the bowel was cleared by gentle washout with saline. Without disturbing the adhesions, the bowel (2 cm above and below the anastomosis) was tied with a 0 silk ligature. The distal catheter was connected via a pressure transducer to the recorder (Abbott, Monitoring Kit, Ireland). The bowel was infused with a continuous flow of physiological saline (5 ml/min). BP (mmHg) was recorded as the highest figure reached before evident saline leakage or sudden loss of pressure. It was measured by two surgeons blind to the group assignment.
After sacrification, anastomotic segments, approximately 4 cm in length with the suture line in the middle, were carefully removed en bloc with adhered tissues and were vertically divided into two. One was used for HP measurement and the other was placed in 10% formaline for histopathological examination. All representative anastomotic segment sections in each rat were examined histologically under a light microscope by two pathologists in blinded fashion.
MEASURING HYDROXYPROLINE
Another 2×1-cm portion of the sample, including the anastomotic segment in the middle, was frozen in liquid nitrogen and was stored at −80°C for further biochemical analysis. After the samples had been thawed, dried, weighed, and homogenized separately, the HP levels were determined according to the method of Prochop and Kivirikko as mg/100 g of tissue. 12 
HISTOLOGIC GRADING
Biopsy specimens from each anastomotic segment wounds were obtained as described above. The samples were immediately fixed in formalin, embedded in paraffin, sectioned, and stained with hematoxylin & eosin and Gomori's trichrome stains and were examined under ×100-×400 magnification. The main histologic outcome measures included the amount of acute and chronic inflammatory infiltrates, the amount and maturation of granulation tissue, collagen deposition, reepithelialization, and neovascularization. Acute inflammation was defined as the presence of neutrophils, while chronic inflammation was defined as the presence of plasma and monocytic cells. We used the Abramov's histologic scoring system 13 for this study. Abramov's system assessed each parameter independently and scored it from 0-3. Acute and chronic inflammatory infiltrates, the amount of granulation tissue and collagen deposition were graded as: 0 (none), 1 (scant), 2 (moderate), 3 (abundant). The maturation of granulation tissue was graded as: 0 (immature), 1 (mild maturation), 2 (moderate maturation), 3 (fully matured). Reepithelialization was graded as: 0 (none), 1 (partial), 2 (complete but immature or thin), 3 (complete and mature). Neovascularization was graded as: 0 (none), 1 [up to five vessels per high-power field (HPF)], 2 (6-10 vessels per HPF), 3 (more than 10 vessels per HPF). 12 
STATISTICAL ANALYSIS
The results were expressed as median (min-max). Comparisons between two groups were performed using the Mann-Whitney U and Fisher exact test. Differences were considered statistically significant when p<0.05.
RESULTS
A rat in SG died one hour after the surgery due to anesthesia complication. Another rat in CG died on day three after the surgery due to peritoneal sepsis. These two rats were excluded from any further
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analysis. The remaining 18 rats (SG=9, CG=9) survived the surgical procedures with no complications (wound infection, anastomotic dehiscence, intraabdominal abscesses, and intestinal obstruction) during the study. The mean values of HP levels and BPs of the anastomotic segments for both groups and the statistical comparisons of the groups were shown in Table 1 . The HP levels, and BPs in SG were superior compared to the the CG, and the difference was statistically significant (p<0.001, Figure 1 , 2 respectively).
Collagen deposition and reepithelization scores of the SG were higher than that of the CG (p=0.029, collagen deposition: Figure 3 ). There was no significant difference between the two groups in terms of acute inflammation, chronic inflammation, the amount of granulation tissue, fibroblast maturation and neovascularization (p=0.637, p=1.000, p=1.000, p=1.000 and p=1.000 respectively). Histological comparisons of SG and CG for anastomotic segments were shown in Table 2 .
DISCUSSION
Although preoperative preparation and surgical techniques have improved significantly, leakage of colonic anastomoses is still a serious problem in surgery and causes increased mortality and morbidity.
1,2 Anastomotic colon healing is affected by many local and systemic factors. Materials such as GLU, short-chain fatty acids, erythropoietin, fibrin glue and peritoneal graft have been experimentally reported to be beneficial in the healing of colonic anastomoses. [1] [2] [3] 10, 14, 15 ARG is a dietary semi-essential amino acid and it is metabolized to ornithine and subsequently to proline and polyamines both known to interact in collagen synthesis. 4, 16 Dietary ARG supplementation increases wound collagen accumulation. 4, 17 GLU is a preferred energy source for cells of the intestinal mucosa. 8 It has the potential to stimulate wound healing, because one of the products of GLU metabolism is proline. 3 GLU enhances gut mucosal growth, repair, and improves intestinal injuries of animals and humans. 3 Postoperative GLU-enriched diet was shown to improve wound healing in rats. 18 HMB is the bioactive metabolite of the essential amino acid leucine. 4 HMB inhibits muscle proteolysis, and enhances wound collagen deposition. 4 Specialized amino acid mixture was reported to enhance wound collagen accumulation and increase wound repair. 4 To our knowledge, there is no study that has investigated the effect of special amino acid mixture supplementation on the healing of colonic anastomosis. We hypothesized that special amino acid mixture might improve the healing of colonic anastomosis.
Anastomotic BP and HP levels have been widely used to assess the intrinsic resistance of anastomoses to rupture. 19 Collagen is important in all phases of wound healing and critical for the return of tissue integrity and strength. [20] [21] [22] Between the fifth and seventh days after surgery, collagen synthesis peaks and the wound strength depends mainly on these newly formed, organized collagen fibers. 3 Thus, postoperative day seen was chosen to evaluate the anastomotic wound healing in our study. There is no study that has investigated the dose of special amino acid mixture supplementation in rats. Williams et al. 4 reported the use of 14 g ARG, 3 g HMB, and 14 g GLU in humans. This dose equals to 685 mg/kg/day of special amino acid mixture. Therefore, we based the doses 685 mg/kg/day in our study on this trial in humans. We used the Abramov's histologic scoring system 13 for this study. Correlating this scoring system with objective measures, such as HP level for collagen deposition, polarized light microscopy for assessment of granulation tissue maturation, and immunohistochemistry for characterization of inflammatory cells were all beyond the scope of this study. In our study, the investigated outcome measures were gross anastomotic healing, BP, HP level, and parameters of histopathological healing. HP levels were significantly higher in SG. Barbul et al. 17 also reported that injured rodents given a perioperative dietary supplementation of ARG had significantly improved wound healing, as assessed by wound breaking strength and the HP content. BPs, fibroblast maturation and collagen deposition scores were significantly higher in SG. Da Costa et al. 23 studied the effects of oral GLU supplementation on the healing of colonic anastomosis in rats and they also reported improvement in BP and increased mature collagen in the GLU group. Rolandelli et al. 24 investigated the effects of butyrate infusion on the healing of colonic anastomosis in rats and the authors observed improvement of BP in the butyrate group. Williams et al. 4 also reported that healthy elderly volunteers given a dietary supplementation of specialized amino acid mixture accumulated 67% more collagen, as assessed by the HP content and had significantly improved wound healing. It seems that high HP levels, and collagen deposition strengthens the anastomosis mechanically, resulting in increased BP of the anastomosis.
CONCLUSION
In conclusion, our findings show that special amino acid mixture can be used as a supporting factor for the healing of colonic anastomosis. Results of the present study indicates that it could improve anastomosis healing by significantly enhancing the anastomotic BP, HP level and collagen deposition. Further clinical studies are needed to clarify the usefulness of special amino acid mixture for healing of colonic anastomosis.
